Introduction
Ten percent of couples at reproductive age suffer from infertility. Idiopathic causes indicate an immunological origin. Immune reactions may be responsible for up to 30% of reported cases of infertility [1, 2] . Since vaginal and cervical tissues have an active and sensitive mucosal immune system, the active local immunoregulatory mechanisms in the female reproductive tract have an effect on fertility. This explains the local reactions leading to an inflammation and the high level of serum antisemen antibodies in infertile women [3, 4] .
Sperm has a highly heterogeneous antigenic content that can be modified during maturation and ejaculation, e.g. the attachment of secreted fibronectin to the sperm tail [5] . The female genital tract generally tolerates the male antigens commonly presented on sperm. However, semen has a built-in mechanism preventing the immunological sensitization against sperm in female. The failure of this natural tolerance may lead to sensitivity resulting in sperm elimination. Sperm is opsonized and targeted by the leukocytes [6] [7] [8] . Sperm also has both autoantigenic [9, 10] as well as isoantigenic [11, 12] potential. It induces the production of sperm-reactive T-cells, thus the formation of antisperm antibodies (ASA) may follow from exposure to the immune system. In men, autoimmunity to their own sperm has already been reported particularly with respect to heat shock proteins (HSPs) [9] and alpha enolase [10] . ASA are related to some cases of unexplained infertility. It has been suggested that ASA block fertilization by inhibiting sperm motility, capacitation, acrosome reaction, impairment of sperm penetration into the cervical mucus and by preventing oocyte binding and penetration. ASA's also affect preimplantation embryonic development and may have a contraceptive effect [13, 14] . Nevertheless, there is the evidence of their occurrence in both fertile women and men. Since ASA may not lead to infertility, they are believed to be the so-called natural ASA in these fertile individuals. In addition, it has been suggested that seminal fluid (SF), a nutritious transport buffering sperm medium, acts as a modulator of sperm-induced inflammation [8, 15, 16] .
Our research reflects the association of sperm with isoimmunization in women based on the IgG-mediated reaction. The aims of our study were to identify new repertoire of sperm proteins recognized by serum IgG antibodies obtained from women diagnosed with fertility failure, and to compare them to antigens recognized by serum IgGs obtained from fertile women. Several antigens are described, eight of which are identified as immunodominant when using a mass spectrometry-based proteomic approach. The presented results might contribute to a better understanding of the pathologic reaction that threatens successful fertilization.
Experimental Procedures

Sample preparation
Semen samples from four normozoospermic healthy donors [17] (average age =27 years) were obtained by masturbation after 3-5 days of abstinence. A mixture of protease inhibitors (Sigma Cocktail, USA) was added to ejaculates. In order to separate SF and sperm, the semen samples were centrifuged at 1075xg for 15 min at 4°C. The pellets (predominantly sperm cells) were washed and treated as previously described [11] to process the sperm disintegration. Each pellet was briefly washed twice by PBS (0.01 M phosphate buffered saline with NaCl 0.15 M, pH 7.4) supplemented with protease inhibitors and centrifuged as above. Lysis was proceeded by using 1% Triton X-100 (Sigma, USA) in deionized water, containing a mixture of protease inhibitors (1:50) for 4 h at 4°C on ice. Insoluble parts were removed by final centrifugation at 3000xg for 10 min at 4°C. To increase the amount of potential antigens in a protein extract, individual sperm lysates (L) were pooled. Protein concentration was measured according to Smith et al. [18] . The samples were stored at -20°C until assayed. All experiments were performed after obtaining informed written consent.
Patients
This study has been approved by the institutional ethical committees and informed written consent has been obtained by patients. Patient sera were obtained from 30 women with fertility disorder (average age = 35 years) and ten sera from fertile women (control group, average age = 33 years) with proven fertility (one or two children). An equal volume of each serum in each group was pooled to obtain sufficient volume of patient and control serum for repetitive analyses. The aliquots were frozen at -20°C until assayed.
One-dimensional polyacrylamide gel electrophoresis (1D SDS-PAGE)
SDS electrophoresis was carried out as described in Brazdova et al. [12] . After electrophoresis, the separated proteins were either silver-stained (SilverTM Plus Stain Kit, Sigma, USA) to visualize the complex spectrum of sperm proteins or transferred to a nitrocellulose sheet (NC, 0.45 μm pore size, Serva, Germany) for immunoblotting. 
Two-dimensional polyacrylamide gel electrophoresis (2D SDS-PAGE)
Immunoblotting analyses
Western blot analyses were performed as described in Tobwin et al. [19] . The membrane was saturated with PBS-Tw 0.3% (0.14 M NaCl, 
Mass spectrometry determination
The protein spots of interest were analyzed by the MALDI-TOF method. [20] .
Proteins were identified using Mascot search engine [21] within SwissProt database [22] .
Results
To obtain a complex spectrum of sperm proteins and potential antigens, the individual sperm lysates (L) were pooled. The L pool contained between 8 and 9 mg/ml of protein. Figure 1 shows the sperm protein spectra that were separated by 1D SDS-PAGE (Figure 1, lane L) . Sperm proteins were visualized within the molecular mass (Mr) range of 20-35 kDa. However, 80 kDa sperm proteins were also silver stained. To distinguish Mr of IgG-binding proteins, blotting analyses was performed ( Figure 1,  lane 1, 2) . However, the major sperm proteins, when silver stained, were seldom detected as antigens on the 1D blot (Figure 1, lane L, 1) . Among the major sperm proteins measuring 25, 35, and 80 kDa, only the 80 kDa protein was detected as an antigen. No IgG interactions with sperm antigens were detected using the control serum pool from fertile women ( Figure 1, lane 2) . Figure 2 illustrates 2D protein maps and immunoblotting analyses. The whole sperm protein repertoire was visualized with silver staining within the Mr range of 30-80 kDa with a pI of 4-7 (Figure 2 A) . Only a few proteins interacted with the female serum IgG antibodies. Those detected on 2D blots were subsequently identified. The greatest reactivity was detected in the HSPs: heat shock-related 70 kDa protein 2, heat shock cognate 71 kDa protein and heat shock 70 kDa protein 1A/1B (Figure 2 B, spot No 2, 3, 4) . Spots identified as the 78 kDa glucose-regulated protein, protein disulfide-isomerase A3, calreticulin, zinc finger protein 501 and alpha-enolase were also determined to be sperm antigens (Figure 2 B, spot No 1, 5, 6, 7) . Another dominant sperm protein detected at Mr of 75-80 kDa with pI 5-6 was recognized by the patient serum pool but was not identified by mass spectrometry. No IgG interactions with sperm antigens were detected using the control serum pool from fertile women (Figure 2 C) . The biochemical attributes and parameters of the above mentioned proteins are summarized in Table 1 .
Discussion
Human semen contains many protein constituents that represent potential targets of the female immune system. Possible immune reactions following the interaction of semen with the female genital tract may prevent successful fertilization [1, 11] . This study was carried out to identify as many sperm proteins recognized by the serum pool of infertile female patients as possible.
We pooled sperm extract samples from four male donors, which should have covered a wide repertoire of proteins and potential antigens present in sperm [11, 12, 17, 23] . We suggest that the previously mentioned antigens are specifically related to female immune infertility, as no IgG interaction was detected with semen antigens using the control pooled serum from fertile women.
As abnormal, senescent or damaged sperm increase sperm immunogenicity [3] , the detection of more antigens on 2D gels might be expected. Therefore, only samples from normozoospermic donors were used. To identify internal/external sperm antigens, protein extract must be prepared with a high degree of heterogeneity. Nonionic detergents [10] in general and Triton X-100 in our study have been reported as a suitable detergent [11] to solubilize proteins, and is compatible with our proteomic approach. The determination of sperm stress proteins, such as a group of HSPs, calreticulin and 78 kDa glucose-regulated protein, shows that they might be also involved in female sensitization. Since HSPs are membrane proteins and calreticulin is originally thought to be an autoantigen with an intracellular location, we show that the sperm lysate covers both groups of potential antigens (internal/external).
Our results are in agreement with other studies [24] [25] [26] that reported HSPs, calreticulin and 78 kDa glucose-regulated protein as sperm antigens. The HSP 70 family has been identified as chaperons present on the sperm surface [27] . Particularly, HSP 70 2, a testis specific protein, has been described as an autoantigen [28] as well as an isoantigen [27] , which we confirm in this study. Additionally, we are the first to report that HSP 70 1A/1B and HSP cognate 71 kDa relate to the isoimmunization of women (possibly leading to reproductive failure). We show that these proteins, which are important for the rearrangement of sperm proteins and for the composition of the final antigen conformation [7] (such as the identified disulfide-isomerase A3), may interact with female antibodies. Alpha-enolase was also found to be an isoantigen in women. This result confirms the results of Domagala et al. [10] , who studied cognate sperm antigens using the sera of ASA-positive infertile men and women. In our study, alpha-enolase was, however, firstly reported as a significant sperm antigen detected by the serum pool of infertile women. It has been reported [8] that female isoimmune responses do not follow the same pattern of reactions in respect to carbohydrate recognition. Based on these observations, we suggest that alpha-enolase could be a potential universal marker for antisperm antibodies related to immune infertility. On the other hand, alpha-enolase could represent a potential target of further therapeutic treatment. Furthermore, this multifunctional enzyme stimulates immunoglobulin production and plays a part in the allergic reactions [29] . In contrast with Lopez-Alemany et al. [29] , who suggested that alpha-enolase is an allergen-induced allergic response based on IgE antibodies, our study demonstrates that alpha-enolase is a sperm IgG-binding antigen as well. Previous work [12] has shown similar results, with no sperm IgE-binding protein detected within a selected group of 45 female patients.
We suggest that all identified IgG-binding proteins are related to an abnormality in certain infertile women presenting high levels of IgG antibodies specific to sperm proteins. By immunoblotting and mass spectrometry, we determined eight sperm proteins interacting with patient IgG antibodies. Among them, three proteins (HSP 70 1A/1B, HSP cognate 71 kDa, alpha-enolase) were shown to be associated with female isoimmunization for the first time. We point out that sperm alpha-enolase contributes to female immune infertility mediated by IgG antibodies, not only to autoimmunization in men or in rare cases of semen hypersensitivity mediated by IgE in women. as had been previously suggested. Immunodominant sperm proteins seem to be related to antibody formation as a pathological response to isoimmunization.
